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High density labeling of DNA with modified or "chromophore" carrying nucleotides and DNA 
polymerases used. 

Synthesis of labeled DNA via incorporation of modified deoxynucleosidetriphosphates which 
carry a spacer arm and a detectable group is a common method in molecular biology. Labeling of 
nucleic acids with modified nucleotides in high density however has not been shown so far. It 
was assumed that steric hmdrance between the Unker arms and the detectable group (reporter 
groups or dyes) precludes the synthesis of DNA fragments in which each base or a major fraction 
of these bases is linked to a detectable group. 

1. DIG-labeled nucleotides can be incorporated, to a defined density into nucleic acid 
probes by DNA polymerases (such as E.coli DNA polymerase I, DNA polymerasesT4 or T7, re- 
verse transcriptase, Taq polymerase or Terminal transferase) by random primed labeUng, nick 
translation, PGR, 3'-end labeUng/ tailing or in vitro transcription. The labeling mbcture contains 
Dig-dUTP and dTTP, dATP, dCTP and dGTP. The labeUed nucleotide Dig-dUTP cannot en- 
tirely replace dTTP in the initial reaction mbcture because the reaction seems to be inhibited by 
Dig-dUTP when using the commonly used reaction components and DNA polymerases com- 
monly used for DNA labeling. When an optimized ratio of Dig-dUTP:dTTP is used, an increase 
in Dig-dUTP concentration results in some higher labeling density but reduction in product 
length and yield of the product. It was not possible so far to replace dTTP entirely by Dig-dUTP 
using the common labeling techniques (Nonradioactive In Situ Hybridization AppUcation 
Manual 2nd edition, Boehringer Mannheim GmbH 1996) [4]. 

2. Jett J. H. et al (US Patent 5,405,747 Method for rapid base sequencing in DNA and RNA 
with two base labeUng, 1995) [5, 6] describe that DNA strands up to 500 nucleotides in length 
containing one fluorescent nucleotide and three unmodified nucleotides have been synfliesized. 
The DNA synthesis was performed using a mutated T7 DNA polymerase and Rhodamin-dCTP, 
Rhodamin-dATP, Rhodamin-dUTP, Huorescein-dATP or Fluorescein-dUTP. DNA synthesis 
has also been observed by modified T4 DNA polymerase with Rhodamine-dCTP or Rhodamine- 
dATP. The authors do not comment on the efficiency of incorporation of modified nucleotides 
versus unmodified bases in immediately adjacent positions but discuss the difficulty of incor- 
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poration of the labeled nucleotides by the DNA polymerases because of steric hindrance. Re- 
placement of more than one normal nucleoside triphosphate by derivatives at once is not des- 
cribed by these authors. 

3. Makiko Hiyoshi & Shigeru Hosoi (Assay of DNA Denaturation by PCR-driven Fluores- 
cent Label Incorporation and Fluorescence Resonance Energy Transfer Analytical Biochemistry 
(1994) 221, 306-311,) [7] describe the incorporation of fluorescent labels such as Fluorescein- 11- 
dUTP or Rhodamine-4-dUTP during PGR amplification using Taq DNA polymerase. These 
fluorophore labeled nucleotides were used in mixtures containing dTTP. The authors describe 
that these desoxynucleoside triphosphate derivatives were unable to substitute entirely for the 
normal substrate, dTTP. These results were interpreted such that the steric hindrance of the 
linker arm and the fluorescent group inhibits specific incorporation into neighbouring positions. 

4. Incorporation of Cy5-modified desoxyuridyl triphosphates with different lengths of 
linker arms is described in Yu H. et al. NAR ( 1994) 22, 3418-3422. These substrates were ana- 
lyzed in nick-translation reactions performed with E.coli DNA polymerase I and in PGR using 
Taq DNA polymerase. The level of incorporation increased in parallel when the length of the 
linker arm was increased. Under optimal conditions it was possible to label up to 28 % of the 
possible substitution sites on the target DNA with reasonable yield by PGR and 18 % by nick 
translation. The failure of complete substitution was explained to be caused by steric interactions 
between the polymerase and the cyanine-labeled sites on the template (for PGR) and extending 
chains and the modified dUTP substrate. 

5. Starke H. R. et al. (Nucl. Acids. Res. (1994) 22, 3997-4001) [9] describe enzymatic DNA 
labeling-syn thesis on M13 DNA as template, Fluorescein- 15-dATP or Tetrameth)irhodamine- 
dATP, dCTP, dGTP, TTP, modified T7 DNA polymerase (Sequenase) and Mn"^"^ as divalent me- 
tal ion. Use of Mn"*^^ instead of Mg"^"*^ promotes misincorporation of mismatched bases. Under 
these conditions the polymerase not necessarily incorporates the correct base. If the incorpora- 
tion of the correct base is difficult, e.g. because of steric hindrance, the incorporation of a non- 
complementary base is prefered. The authors show, that the labeled nucleotides are incorporated 
to some extent. But a detailed analysis shows, that e.g. a sequence close to the primer at which 
four dA-nucleotides should be incorporated contiguously is not synthesized as expected. The 
main product (80-90%) of this labeling reaction contains only one labeled dATP and three non- 
complementary nucleotides. Products containing two or three labeled dATPs are observed as a 
minor fraction. The authors do not describe a product containing four labeled dATPs. 
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6. An example in which two labeled bases were successfully incorporated by DNA poly- 
merases is the report of Davis L. M. et al. (GAT A (1991\ 8(1); 1-7) [10], Using Biotin-labeled 
nucleotides like Bio-ll-dCTP or Bio-ll-dUTP and£. coK DNA polymerase I (Klenow large 
Fragment), d(A,G)2ioo as template/primer, a string of completely biotinylated nucleotides was 
generated. The authors state that steric effects are not a problem with biotin^dated nucleotides. 
The combination of Bio-ll-dCTP and Bio-ll-dUTP together with dATP and dCTP were tested 
on M13 single stranded DNA as a template containing all four bases. With this experiment it was 
not possible to generate full length product. 

7- Goodman, M. F. and Reha-Krantz L. (International Application Nvunber 
PCT/US97/06493, WO 97/39150, Synthesis of Fluorophore-labeled DNA) describe mutant 
bacteriophage T4 DNA polymerases which are claimed to have increased abiUty to incorporate 
modified nucleotides for the synthesis of modified, e,g., fluorophore-labeled DNA. The mutants 
are described to have increased intrinsic processivity relative to the native enzyme. In reactions 
in which one natural nucleotide is replaced by a rhodamine-labded nucleotide the mutant DNA 
polymerases generate longer stretches of DNA product than the wild type enzyme. When two 
natural nucleoside triphosphates were completely replaced by rhodamine-labeled dNTPs the 
product length decreased in comparison to the reaction in which one rhodamine labeled dNTP 
was used, the authors do not comment on the absolute length of the products. Full length pro- 
duct is only descibed to be obtained with the L422M mutant of T4 DNA polymerase and incor- 
poration of Rhodamine-dUTP or Rhodamine-dCTP or Biotin-dCTP. 

These examples show that labeling of DNA with modified nucleotides by DNA synthesis using 
DNA polymerases with more than one modified nucleotides generating full length product was 
not achievable so far. 

However, high density labeled DNA is a necessary requirement for ultrasensitive detection of 
specific target molecules, like nucleic acid sequences, for single molecule sequencing or for single 
molecule detection. Modified nucleotides like fluorophore-, DIG-, biotin-labeled nucleotides 
must be incorporated into DNA by primer elongation or PGR and full length products must be 
generated by DNA polymerases which work at higher temperatures. Therefore, the subject of the 
present invention is to provide a method of labeling of DNA by DNA synthesis using a DNA 
polymerase whereas at least two natural occurring nucleotides are completely replaced by modi- 
fied nucleotides and a fiill length product is generated. 
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These and other objects are achieved by the present invention which provides methods for tem- 
plate-directed synthesis of DNA with DNA polymerases and modified nucleoside triphosphates 
(nucleotides carrying a detectable modification covalently attached to the base). The DNA poly- 
merases incorporate the modified deoxynucleoside triphosphates in a template-directed manner 
into the complementary strand, in which a major fi-action or aU of the nucleotides contain a mo- 
dification whereas at least two natural occurring nucleotides are completely replaced by modified 
nucleotides. The method comprises synthesis of DNA with one or more DNA polymerases and a 
nucleoside triphosphate mixture in which at least two bases consist of a modified nucleotide ex- 
clusively, one or more DNA polymerases which are able to synthesize DNA by incorporating 
modified nucleotides, whereas the one or more DNA polymerases synthesize stretches of DNA 
containing modified nucleotides exclusively. The invention also comprises DNA polymerases 
which can be used in PGR reactions with a set of nucleoside triphosphates in which one or at 
least two bases consist of modified bases exclusively. Polymerases belonging to the class of B-type 
polymerases are especially suitable for the inventive method. Especially suitable are B type poly- 
merases which do not exhibit essential 3'exonuclease activit)^ Furthermore, modified nucleotides 
which are attached to hydrophilic dyes or other hydrophilic labels are preferred according to the 
present invention. 

Especially preferred are dyes selected firom the group consisting of carbocyanines, rhodoamines, 
fluoresceins, cumarines, vitamines as e.g. biotin, haptens as e.g. digoxigenine, oxazines and hor- 
mons as e.g. cholesterole and estradiol. 

When performing the method for synthesis of high-density-labeled DNA on solid phase it is also 
possible to use labels which are less hydrophilic as the above mentioned examples, because the 
hydrophilic nature of the label is not such a critical parameter. However, in case the method 
according to the present invention is performed in liquid phase hydrophilic labels are preferred- 
Appropriate linkers can be e.g. peptides or lipids or derivatives thereof. It is preferred that the 
length of the linker which attaches the dyes to the nucleotide is about 15 carbon atoms and more. 
Provided are examples for nucleic acid labeling using a modified nucleotide which can be de- 
tected by fluorescence (Fluorescein, Rhodamin-green or Cy5), a nucleotide which can be de- 
tected by an antibody reaction (Digoxigenin, Fluorescein), a nucleotide which can be detected by 
the specific interaction with Streptavidin (Biotin) and a nucleotide which carries a reactive group 
which can be Hnked to a label chemically (Aminopentinyl-C7-deaza-dATP), The length of the 
linker depends on the label which is attached to the nucleotide. For most labels a linker length of 
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about 15 and more carbon atoms turned out to be fevourable. However, for some smaller labels 
as e.g. AMCA it was fevourable to use a linker containing 6 carbon atoms. Examples of nucleo- 
tide derivatives usefiil for the present invention are listed in Fig. 15. 

In a preferred embodiment the inventive method is carried out by using a B type polymerase ex- 
hibiting no 3'exonuclese activity and nucleotides which are attached to hydrophilic labels se- 
lected from a group consisting of the above mentioned dyes whereas the linker which attaches 
the dye to the nucleotide has a length of about 15 carbon atoms or more. 

The incorporation efficiency of 11 different DNA polymerases (or blends of polymerases) and 
reverse transcriptases of different families [3] was studied. 

1. Klenow-fragment of DNA pol I from E. coli (Roche Molecular Biochemicals, RlvIB) was 
chosen as an example of a well characterised mesophile A-type polymerase with known 
protein crystal structure. 

2. Klenow-fragment of Chy DNA pol I from Carboxydothermus hydrogenoformans was chosen 
as an example of a homologue thermophilic A-type polymerase with simUarity to Klenow- 
fragment of £ coli. 

3. Sequenase (Amersham) is a genetically engineered version of T7-DNA-polymerase, which is 
most often used for DNA-sequence analysis. 

4. M-MuLV reverse transcriptase (RMB) is a single subunit enzyme and 

5. AMV reverse transcriptase (RMB) an a/fi subunit dimeric enzyme. 

6. Taq polymerase (RMB) is a thermophilic A-type polymerase, also with resolved protein 
structure. 

7. Vent polymerase and Vent exo" polymerase (New England Biolabs) are thermopilic B-type 
polymerases. Vent polymerase has also additional 3'-5' exonudeolytic proof-reading activity. 

8. Tgo (and Tgo exo' polymerase, RMB; commerciaUy not available, with a genetically deleted 
3'-5' exonuclease function) is also a thermophilic, archaeal B-family enzyme (Example 7, 
Figure 8). 

9. Pwo polymerase (RMB), is also a B-type enzyme of archaeal source. It displays additionally 
3'-5' exonudeolytic proofreading activity. 

10. Recombinant Pol Q, (rat) from Samuel WQson (Galveston/ Texas) to RMB. 
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1 1. Expand™ High Fidelity PGR System (RMB) is a unique blend of Taq and Pwo polymerase for 
superior PGR performance. 

Verity Vent exo' and Tgo exo" polymerase are thermopilic B-type enzyme of archaeal source and 
show some similarity to eucaryotic replicative a-like DNA polymerases. Wild type enzymes of 
these two enzymes exhibit strong 3'-5' exonuclease activity and are therefore less convenient for 
DNA-labeling than their engineered counterparts (exo" variants) (1). 

The exampels of this patent application comprise 5 polymerases or blends (nos, 2., 7., 8., 9., 11.) 

see no. 1 1 above) of the listed polymerases here, which showed superior labeling efficiencies 

compared with the other polymerases (data not shown in detail). i 

All DNA polymerases were assayed with the buffers suppUed, or otherwise as indicated {Tgo exo' 
was assayed in a buffer containing 50 mM Tris-HCL, pH = 8.5 at 20^C> 10 mM KCl, 15 mM 
(NH4)2S04 , 7 mM MgS04, 0.05% (or 0.005% as indicated) Triton X-100 and 10 mM 2-Mercap- 
toethanol). 

Modified deoxyribonucleotide triphosphates according to the present invention are deoxyri- 
bonucleotide triphosphates which are attached to labels. Derivatives of these modified deoxyri- 
bonucleotide triphosphates are modified additionally to this label, as e.g. modified 7-deaza~de- 
oxyribonucleotide triphosphates or modifed C-nucleoside triphospates. 

Examples of modified Deoxyribonucleotide triphospates which are suitable for the inventive ^ 
method are the following: 

dAdenosin derivatives 

7-Hexinyl-7-Desaza-dATP (structure see appendix 1) 
7-Aminopentinyl-7-desaza-dATP (structure see appendix 1) 
dUridin derivatives 

AMGA-6-dUTP (RMB, Gat. No. 1534386) 
Biotin-16-dUTP (RMB, Gat. No. 1093070) 

Gy5-10-dUTP (with 10 atoms spacerlength, RMB, structures see appendix 1) 
Gy5-dUTP (with 17, 24 and 38 atoms spacerlength, RMB, structures see appendix 1) 
DIG-ll-dUTP (RMB, Gat. No. 1558706) 

MR121-dUTP (with 8, 13 and 24 atoms spacerlength, RMB, structures see appendix 1) 
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Huorescein-12-dUTP (RMB, Cat. No. 1373242) 
RhodaminGreen-dUTP (RMB, structure see appendix 1) 
RhodaminGreen-X-dUTP (RMB, structure see appendix 1) 
TMR-6-dUTP (RMB, Cat. No. 1534378) 
A Cyti^n- derivatives 

FluoroLink™ Cy5™-dCTP (Amersham Life Science, Cat. No. PA55021) 
Digoxigenin-28-dCTP (RMB, structure see appendix 1) 
Rosamin-dCTP (RMB, structure see appendix 1) 
dfluanosine- derivatives 

7-Hexinyi-7-desaza-dGTP (structure see appendix 1) 

For structure formula, spacer compounds and molar masses see Figures 10-14 or RMB bio- 
chemicals catalogue for detaUed information. 

These modified dNTP's completely replaced the natural by occurring dNTP's in the labeUng re- 
actions completely. 

The polymerase reactions are carried out in PGR tubes (200 jil) in a total volume of 10 jd, PGR 
reactions in a volume of 50 to 100 yi. Template and primer are annealed at 20 °C to 35 "C for 10 
min. DNA polymerase concentrations were 0.1. 0.5 units or 1 units as indicated per reaction for 
Tag, Chy Klenow enzyme and Vent and Vent exo" polymerase, 0.1 or 1 unit Tgo exo " polymerase, 
(one unit is the incorporation of 10 nmol total deoxynudeoside triphosphates in acid predpit- 
able DNA within 30 min. at the temperature used for eadi polymerase), for labding using PGR 
the optimal enzyme concentration may be increased e.g- 1 to 4 units of enzyme may produce 
better incorporation rates. The working concentration of template/primer can be 0.5 to 1 pmol, 
as indicated. Template concentrations may vary between 0.1 to 0.75 jig and primer between 50 to 
600 nM. The concentrations of the modified nudeotides may vary from 5 ^M to 50 ^M. unmo- 
dified dNTPs between 50 jiM and 300 ^M. As buffers Tris, bicine, tricine can be used in concen- 
trations of 10 mM to 50 mM, the pH maybe adjusted with HGl or acetic acid to values between 
8 5 and 9.2. KQ. 0 to 100 mM, and/or (NH)2S04. 0 to 20 mM, and MgCl. 1 to 4 mM or MnCU, 
0.5 to 1.5 mM, Tween, 0.05 % to 2 %, and optionally DMSO, 1 to 5 %, or BSA, 100 ng/ml are 
used in the reaction mixture. The reaction mixtures may be incubated for 10 min. to 60 min. at a 
temperature optimal for the polymerase used e.g. Chy Klenow polymerase is used in the tem- 
perature range between 55''G to 72''C. For PGR labeling the hybridization temperature may vary 
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with the sequence of the primer used. The elongation temperature and the number of cycles may 
vary with the thermostable polymerase and the template chosen. 

The preferred primer extension-reactions are described in the following: 

Template/primer strands were annealed at room temperature for 10 min. The polymerase re- 
actions were carried out in PGR tubes (200fil) in a total volume of 10 |il. Each reaction contained 
1 X polymerase buffer. DNA polymerase concentrations were 0.1, 0.5 units or lunit where indi- 
cated per reaction for Taq^ Chy Klenow enzyme and Vent and Vent exo" polymerase, 0,1 or 1 
unit Tgo exo* polymerase, (one unit is the incorporation of 10 nmol total deoxynucleotide tri- 
phosphates in acid precipitable DNA within 30 min at the temperature used for each poly- 
merase). The working concentrations of template/primer were 0,5 to 1 pmol, as indicated. The 
concentrations of the modified nucleotides varied from 5 jiM to 50 |iM. Regular dNTP*s were 
12.5 fiM each. The reactions were usually incubated with the polymerases under the following 
conditions: Taq: 0.1 u, 72'*C, 30 min.; Chy Klenow enzyme: 0.1 u, 72°C, 30 min.; PwOy Vent exo' 
DNA-polymerase, 0.1 u, 72°C, 30 min. 

The polymerisation reactions were terminated by the addition of 10 jil formamide stopping so- 
lution (98% deionized formamide, 10 mM EDTA, 0.01% bromphenolblue) and the DNA was 
denatured by heating for 10 min at 95**C. Aliquots of 3 |il were loaded onto 12,5 % denaturing 
acrylamide/urea sequencing-gels and electrophoresed at 2000-2500 Volts until the brom- 



Preferred conditions for digoxigenin detection: 

After electrophoretic separation of the polymerase reaction products, DNA was transferred onto 
positively charged n)ion membranes (RMB) by contact blotting for 30-60 min and crosslinked 
by irradiation (254 nm, 10-15 min). Then the membrane was blocked for 30 min in 0.1 M maleic 
acid, 0.15 M NaCl, pH 7.5 (buffer 1), containing 1% (w/v) blocking reagent (casein) and reacted 
with a 1: 10000 dilution of anti-digoxigenin-AP Fab fragments (RMB) for 60 min. Unbound 
antibody was removed by several washes with excess buffer 1 containing 0.3% tween 20. Then 
the membrane is transferred into buffer 2 (0.1 M Tris/HCl, pH 9.5, 0.1 M NaCl), washed again 
and finally incubated with CD? Star™ (1:1000 dilution in buffer 2) for 10-15 min. Excess fluid 
was carefully removed with a Whatman 3 MM Chr paper. Then the blot was sealed between two 



phenolblue dye reached the anode buffer tank. 
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sheets of transparencies and exposed to Lumi Film (RMB) or Lumi Imager™ (RMB) for 10 min. 
to 20 min. 

In order to determine the precise incorporation of the modified deoxynucleosidetriphosphates 
according to the instruction of the target DNA sequence well defined template/primer systems 
were used. This system enables to follow the elongation of a 5' digoxygenin labelled (22-mer) 
primer with different DNA polymerases in the presence of the modified derivatives. It was 
examined, if it is possible to incorporate several modified nucleotide after one another using a 
template with T-tracts (Nuc T15) or C-tracts (Nuc T16) and also fiirther elongate with natural 
dNTPs (Nuc T-Templates, see fig. la). 

The template primer system cass I-IO was used for incorporation studies where all four naturally 
occurring dNTP's were replaced by modified analogues. This template primer system consists of 
10 template sequences, with building blocks of four bases, each represented once per unit, in that 
way, that cass 1 consists of one block, cass 2 of two and so forth. This system allows to foUow the 
step by step incorporation off different derivatives (for example with cass 1) and to calibrate the 
reaction products up to 40 incorporation steps. The template sequences are permutated. 

Therefore, the present invention also provides methods for testing modified deoxyribonudeotide 
triphosphates and polymerases with respect to their utility for high density labeling. 

The method according to the present invention can be performed on solid or in liquid phase. 
The method according to the invention can be used for DNA synthesis and simultaneous DNA 
labeling by PGR. 

The modified nucleotides incorporated into the newly synthesized nucleic add are detectable by 
nonradioactive methods like excitation and detection of fluorescence, detection by an immuno- 
logical reaction, detection by specific interaction (e.g. Streptavidin/Biotin) or by a chemically in- 
troduced label. It is preferred that the four modified bases carry different labels so that they can 
be distinguished one ft-om another, e.g. dATP carries a modification different firom the modifi- 
cation carried by dGTP, dCTP or dTTP. 

Further, the inventive method can be used for DNA sequencing, especially single molecule se- 
quencing. In one embodiment the invention can be used for single molecule DNA sequencing in 
submicrometer channels. This new method is based upon detection and identification of single 
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fluorescently labeled mononucleotide molecules degraded from DNA-strands in a cone shaped 
microcappiUary. 

In case of single molecule sequencing of a high-density-labeled DNA the detection of the modi- 
fied mononucleotide takes place after the degradation step that means after the modified mono- 
nucleotide was cleaved from the high-density-labeled DNA. 

The method according to this invention can also be used for highly sensitive detection or 
quantification of one or several specific nucleic acid sequences. Another use of the inventive 
method is the detection of specific nucleic acid sequences in situ. 

Another use of the inventive method is the detection of specific nucleic acid sequences in sitUy 
like PRINS or FISH. 

With PRINS (Primed In Sit Labeling) an unlabeled synthetic oligonucleotide is annealed to the 
target sequence in denatured chromosomes in metaphase spreads or interphase nuclei on micro- 
scopic slides. The hybridized oUgonucleotide serves as a primer which can be elongated with a 
thermostable DNA polymerase in situ incorporating labeled nucleotides in a high density into 
the newly synthesized DNA. Depending on the label(s) the newly synthesized DNA may be de- 
tected by various methods, e.g. indirect detection by fluorochrome conjugated anti-DIG anti- 
body (if DIG-dUTP was incorporated), or direct detection with the fluorescence microscope (to 
detect e.g. incorporated Rhodamine-dUTP). 

In the Fluorescence In Situ Hybridization (FISH) techniques fluorescently labeled DNA probes 
are used, which can be created by the inventive method. FISH can be used e.g. to detect certain 
sequences in whole chromosomes, to detect mRNA species or to detect viral RNA. A higher den- 
sity of label which can be achieved by the method of this invention allows for the use of shorter 
probes which can diffuse into the dense matrix of cells or chromosomes more easily without 
loosing sensitivity. The acceptance of a whole spectnun of labeled nucleotides by the inventive 
method gives more flexibihty in choosing the probe sequence and multiple labeling. Further- 
more, it increases the sensitivity and the probability in detection of rare mRNA species. 
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Legend of Figures: 

Fig. la: Nuc template/primer systems. 

Fig. lb: Cassettes 1-10 template/primer systems. 

Fig. 2: Incorporation of Hexinyl-7-deaza-dATP and Hexinyl-7-deaza-dGTP. 

Lanes 1-6: Control reactions with 0,1 unit Toq-polymerase per reaction. Lanel: Primer and 
buffer only; Lane 2: Template 17, complete reaction mix, all 4 dNTP's; Lane 3: as in lane 2, but 
dATP only; Lane 4: Template 16, complete reaction mix, dOTP only; Lane 5: as in lane 4, but 
with all 4 dNTP^s; Lane 6: complete reaction mix, without template; Lanes 7-8: Template 17, 
0,1 unit polymerase, with 5 and 50 |jiM Hexinyl-7 deaza-dATP respectively; Lanes 9-10: Template 
16, 0,1 unit polymerase, with 5 and 50 |liM Hexinyl-7 deaza-dGTP respectively; Lanes 11-14: As 
lanes 7-10, but lunit polymerase; Lanes 15-17: Template 8, 0,1 unit polymerase, 5 piM deri- 
vatisized Nucleotides Hexinyl-7 deaza-dATP (lane 15), Hexinyl-7 deaza-dATP and Hexinyl-7 
deaza-dGTP (lane 16) , Hexinyi-7 deaza-dATP, Hexinyl-7 deaza-dGTP and Rosamin-dCTP 
(lanel7); Lanes 18-20: As lanes 15-17, but 50 ^iM dNTP's; Lanes 21-26: as lanes 15-20, but 1 unit 
polymerase; Lanes 27-34: template 3; Lane 27: Hexinyi-7 deaza-dGTP (50 jiM), 0,1 imit poly- 
merase; Lane 28: Hexinyl-7 deaza-dGTP and Biotin dUTP (50 |iM each), 0,1 unit polymerase; 
Lanes 29-30: As lanes 27-28, but 1 unit polymerase; Lanes 31-32: Hexinyl-7 deaza-dGTP and 
Fluorescein- 12-dUTP (50 jxM each), 0,1 and 1 unit polymerase respectively; Lanes 33-34: 
Hexinyl-7 deaza-dGTP and AMCA-6-dUTP (50pM each), 0,1 and 1 unit polymerase respec- 
tively. 



Compound: A: Hexinyl-7-deaza-dATP; B: Hexinyl-7-deaza-dGTP; C: Rosamin-dCTP D: Biotin- 
16-dUTP E: Fluorescein- 12-dUTP; F: AMCA-6-dUTP. 



Multiple incorporations of Rho-green and Rho-green-X-dUTP in adjacent positions and com- 
parison of linker length on substrate activity. 

Lanes 1-6: Control reactions. Lane 1: Dig-labeled Primer (22-mer) and buffer only; lane 2: Dig- 
labeled Primer (20-mer) and buffer only; lane 3: Template / primer (28 incorporations possible), 
Taq-polymerase and 4 regular dNTP's; lane 4: Template / primer (12 insertions possible), Taq- 



Fig. 3: 



Rhodamin-green-dUTP incorporation by Tgo exo' polymerase. 
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polymerase and 4 regular dNTP's; lane 5: Template / primer (18-times insertion of dTTP or 
dUTP possible), Taq-polymerase and 4 regular dNTP's; lane 6: as lane 1; lanes 7-14: Reactions 
with 0-1 unit Tgo exo" polymerase; lanes 7-10: Rhodamin green-dUTP; lanes 11-14: Rhodamin 
green-X-dUTP; lane 7: Template Nuc T4, 5^M Rhodamin green-dUTP; lane 8: Template Nuc 
T4, SO^iM Rhodamin green-dUTP, dATP, dGTP; lane 9: Template Nuc T15, 5^lM Rhodamin 
green-dUTP; lane 10: Template Nuc T15, 50|iM Rhodamin green-dUTP; lanell: Template Nuc 
T4, SjiM Rhodamin green-X-dUTP; lane 12: Template Nuc T4, SOfiM Rhodamin green-X-dUTP, 
dATP, dGTP; lane 13: Template Nuc T15, 5jiM Rhodamin green-X-dUTP; lane 14: Template 
Nuc T15, 50|iM Rhodamin green-X-dUTP; lanes 15-22: as lanes 7-14, but lu Polymerase; lanes 
23-30: as lanes 15-22, but 60 min reaction time. 

Fig. 4: Incorporation of different U-derivatives by different polymerases. 

Different U-derivatives are efficiently incorporated by different polymerases in neighbouring 
positions on the template NucT15. 

Lanes 1-6: Control reactions. Lane 1: Primer and buffer only. Lanes 2-6 contained 0,1 unit Taq 
polymerase per reaction. Lane 2: 12,5 \xM dATP; Lane3: 12,5 fiM dGTP; Lane 4 and 5 are identi- 
cal with 12,5 |iM of each natural dNTP; Lane 6: As lanes 4 or 5, without template; All other label- 
Ung reactions contained only the derivatisized nucleoside triphosphate indicated- Lanes 7-10: 
Incorporation of Tetramethylrhodamine with Vent exo' polymerase. Lane 7: 5 |iM TMR-dUTP 
and 0,1 unit polymerase; Lane 8: 50 \xM TMR-dUTP and 0.1 unit polymerase; Lanes 9,10: As 
lanes 7,8, but with 1 unit polymerase. Lanes 1 1-14: As lanes 7-10, but with Cy5-dUTP; LaneslS- ^ 
18: Incorporation of Fluorescein-dUTP with Cfzy-polymerase Klenow-fragment Lanes 15, 16: 
0,1 unit polymerase with 5 |iM and 50 jiM Fluorescein-dUTP respectively^ Lanes 17,18: As lanes 
15, 16 but with 1 unit polymerase; Lanes 19-22: As lanes 15-19 with AMCA-dUTP as substrate; 
Lanes 23-34: Incorporation with Tgo exo" polymerase; Lanes 23-26: As lanes 15-19 with 
Fluorescein-dUTP as substrate; Lanes 27-30: As lanes 15-17 with Biotin-dUTP as Substrate; 
Lanes 31-34: As lanes 15-17 with Digoxigenin-dUTP as subtrate. 

Fig. 5: Incorporation of Cy5-dUTP with different spacer lengths by Type A polymerases. 

Comparison of incorporation efficiency of Cy5-dUTP with different linker lengths by A-type 
polymerases. 
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Lanes 1-5 : Control reactions. Lanes 1 and 2: no polymerase; Lane 1: additionally no template; 
Lane 3 and 4: Complete reaction mix with 4 dNTP's and template NucT4; Lane 5: Complete 
reaction mix, no template; Lanes 6-20: Taq polymerase; Lanes 6-14: Template NucT4; Lanes 15- 
20: Template T15; Lanes 6-8: Cy5-dUTP with 17- atom spacer; Lane 6: 5 Cy5-dUTP; Lane 7: 
50 ^lM Cy5-dUTP; Lane 8: 50 [iM Cy5-dUTP plus 12,5 pM dATP and dGTP; Lanes 9-11: As 
lanes 6-8, but with Cy5-dUTP with 24-atom spacer; Lanes 12-14: As lanes 6-8, but with Cy5- 
dUTP with 38-atom spacer; Lanes 15,16: Template NucT15, with 5 and 50 \iM 17-atom spacer 
Cy5 dUTP respectively; Lanes 17,18: As lanes 15,16, with 5 and 50 |JiM 24-atom spacer Cy5 dUTP 
respectively; Lanes 19, 20: As lanes 15,16, with 5 and 50 38-atom spacer Cy5 dUTP respec- 
tively; Lanes 21-34: As lanes 6-20, but with C^zy-Klenow polymerase instead of Taq polymerase. 

Fig. 6: Incorporation of Cy5-dUTP and MR12 1-dUTP with different spacer lengths by an 



Comparison of incorporation efficiency of Cy5-dUTP and MR121-dUTP with different linker 
lengths by B-type polymerases. 

Lanes 1-5: Control reactions with 0,1 unit Tog-pol. Lane 1: Primer alone; Lane 2:Template/pri- 
mer, no nucleotides; Lane3: Complete reaction mix; Lane 4: As lane 3, without pol; Lane 5: As 
lane 3, without pol; Lanes 6-8: Cy5-dUTP with 17 atom spacer; Lane 6: 5 jiM Cy5-dUTP; Lane 6: 
50 jiM Cy5-dUTP; Lane 8: 50 \jM Cy5-dUTP plus dATP and dGTP; Lanes 9-11: As lanes 6-8, but 
Cy5-dUTP with 24 atom spacer; Lanes 12-14: As lanes 6-8, but Cy5-dUTP with 38 atom spacer; 
Lanes 15-23: As lanes 6-14, but MR121 dUTP with 8, 13, 24 atoms linker length instead of CyS- 
dUTP; Lanes 24-35: Template NucT15; Lane 24: 5 Cy5-dUTP with 17 atom spacer; Lane 25: 
50^M Cy5-dUTP with 17 atom spacer; Lanes 26-27: As lanes 24-25, but Cy5-dUTP with 24 atom 
spacer; Lanes 28-29: As lanes 24-25, but Cy5-dUTP with 38 atom spacer; Lanes 30-35: As lanes 
24-29, but MR121-dUTP with 8, 13, 24 atoms Unker length instead of Cy5-dUTP. 

Fig. 6a: Fluorescence scan of the blot of fig. 6 prior to chemiluminescence detection. 

The scan comprises lanes 6-23 of fig. 6 and was analyzed prior to immunological detection of 
digoxigenin labeled primer, as it was shown, that blocking procedure interferes with fluorescence 
analysis. Lanes 1-9: Incorporation of Cy5-dUTP in Template NucT4 by Tgo exo" polymerase. 
Lanes 1-3: 17-atom spacer; lanes 4-6: 24-atom spacer; lanes: 7-9: 38-atom spacer. Incorporation 



exo Type B polymerase 
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of MR121-dUTP in template T4 by Tgo exo~ polymerase. Lanes 10-12: MR121-8-dUTP; lanes IS- 
IS: MR 12 1-13-dUTP; lanes 16-18 MR 121-24-dUTP. 

Fig.7: Full replacement of all four Desoxynucleoside-triphosphates by derivatisized 
dNTP's 

Polymerases used were Vent exo' and Tgo exo" for labeling reactions (lanes 7-36) and Taq pol for 

control reactions (lanes 1-6). Derivatives used were: A: Hexinyl-7-deaza dGTP (5|iM and 50^M> 

as indicated) instead of dGTP. B: Rosamin-dCTP (5^M and 50^M, as indicated) instead of 

dCTP. C: Hexinyl-7-deaza dATP (5nM and 50|iM, as indicated) instead of dATP. D. Biotin-16- 

dUTP (SjiM and 50^lM, as indicated) instead of dTTP. E: dCTP, no label, in reactions 34-36 as a \ 

control. 

Fig. 8: Synthesis of a DNA strand consisting of four differently derivatisized desoxy- 
nucleotide triphosphates. 

Documentation of synthesis of a DNA of 40 nucleotides target sequence with aU dNTP's by 
derivatized nucleotides. 

Lanes 1-4: Control reactions; Lane 1: Primer only; Lanes 2, 3: complete reaction mix with 0,1 

unit Taq polymerase and 12,5 jxM each of natural dNTP's; Lane 5: As lane 1; Lanes 5-14: 

Labeling reactions with Tgo exo" polymerase (0,1 unit per reaction) cass 1 in lane 5, cass 2 in lane 

6, cass 3 in lane 7, cass 4 in lane 8, cass 5 in lane 9, cass 6 in lane 10, cass7 in lane 11, cass 8 in lane i 

12, cass 9 in lane 13 and cass 10 in lane 14 as template; Derivatives (each 50|iM) were: Amino- 

pentinyl-7-deaza-dATP instead of dATP, Hexinyl-7-deaza-dGTP instead of dGTP, Digoxigenin- 

dCTP instead of dCTP and Biotin-16-dUTP instead of dTTP; Reaction time 30 min.; Lanes 15- 

24: same as lanes 5-14 but 60 min. reaction time. 

Fig.Sa: In of migration distance of separated products of Fig.8 

Fig. 9: Generation of a 264 bp-fragment by PGR with complete substitution of dTTP by 
Biotin-16-dUTP. 

Incorporation of modified nucleotides in PGR (complete substitution). 
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Lanes marked with M are Marker lanes. Une A: Control reaction with natural dNTP's; Lane B; 
264 bp fragment with dTTP completely replaced by Biotin-16-dUTP; Lane C: 264 bp product 
with natural dNTP's using excised and purified product of lane B as template (reversion); Laxu 
D: As lane C, but dITP completely replaced by Biotin-16-dUTP; Lane K: As lane A (control); 
Lanes E-J: As lane C, but with serial dilution (10-fold) of added template (Template titration). 

Fig. 10-14: Formulae of derivatives used. 
Fig. 15: list of nucleoside derivatives used. 
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Example 1: 

Synthesis of 7-deazapurine-2'deoxynucleoside 5-triphoshate derivatives: 
General: 

Thin layer chromatography (TLC): TLC aluminium sheets siUca gel 60 F254 (0.2 mm, Merck, 
Germany). Reversed phase HPLC was carried out on a 4x250 mm RP-18 (10|im) LiChrosorb 
column (Merck) with a Merck-Hitachi HPLC pump (model 655 A- 12) connected with a variable 
wavelength monitor (model 655-A), a controller (model L-5000), and an integrator (model D- 
2000). ^^P NMR spectroscopy was carried out on an AC-250 Bruker NMR spectrometer. 12.5% 
denaturing Polyacrylamide gel electrophoresis (Sequagel/ National Diagnostics) was carried out 
on a DS91 Sequencer (Biometra, Germany) connected to a PS 2500 DC Power Supply (Hoefer 
Scientific Instruments, USA) and a Lauda MGW thermostat (Lauda, Germany) or with a Phar- 
macia LKB Macrophor sequencing gel unit with a ECPS 3000/150 power supply (Pharma- 
cia/LKB) connected with a Haake Dl thermostat. 

Preparative denaturing gel electrophoresis for primer purification was carried out with 15% 
acrylamide/ urea vertical slab gels (15cm x 20cm x 0.2cm; Sequagel/ National Diagnostics) and 
electrophoresed at 150-200 volts (Consort microcomputer electrophoresis power supply) imtil 
the bromphenolblue dye reaced the anode buffer reservoir ^^P NMR spectroscopy was carried 
out on a AC-250 Bruker NMR spectrometer. 

Synthesis of the 5'-Monophosphates: 

1.0 mmol of the modified nucleosides was dissolved in trimethylphosphate (5 ml) under argon. 
After cooling down in an ice bath freshly destilled POCI3 (180 |li1) was added and the reaction 
kept at 4°C for several hours. (TLC control after hydrolysation of a small portion with TEAB- 
buflfer in i-propanol/H20/NH3 (3/1/1) or (7/1/1)). When the reaction was complete, the solution 
was added dropwise to TEAB-buflfer (200 ml) while cooling. After evaporation the residue was 
dissolved in H2O and applied to a DE 52 Cellulose (Whatman) colunm (20 x 3 cm)). After 
washing with 1 1 H2O purification was accomplished using a gradient of 1 1 H2O and 1 1 IM 
TEAB-bufifer. The 5'-monophosphate eluted from the column at a TEAB concentration of 0.3 - 
0.4 M. 
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The product was lyophilised and characterised by ^^P-NMR. 
Synthesis of 5'-Triphosphates: 

The 5'-monophosphate was dissolved or suspended in DMF p.a. (1 ml) and treated under argon 
with a solution of IJ'-carbonyldiimidazole (0.5 mmol, 80 mg) in DMF (1 ml). The mixture was 
shaken in a well sealed vessel for 30 min and then kept in an argon floated exicator at rt. over 
night. Methanol (33 \xl) was added under argon and after 30 min at rt. mono-(tri-n-butylammo- 
nium)pyrophosphate (0.5 mmol, 0.1816 g) in DMF p.a. (5 ml) was added while stirring. The re- 
action mixture was kept in an argon floated exicator over night leading to a precipitation. The 
supernatant was separated and the precipitate washed 4 times with 1 ml DMF each and centri- 
fuged. The combined washings were evaporated, dissolved in H2O and applied to a DE 52Cellu- 
lose colimin (20 x 3 cm). After washing the column with 1 1 H2O purification was accomplished 
using a gradient of 1 1 H2O and 1 1 IM TEAB-buffer. The desired product eluted from the co- 
lumn at a TEAB-concentration of 0.2-0.4 M. The 5'-triphosphate was dried by lyophiUsation and 
characterised by ^^P-NMR. 

Deprotection of the Amino group of the Trifluoroacetyl protected compovmds: 

The 7-trifluoroacetylaminopentinyl-7-deazapurine-2'deoxynucleoside 5-triphosphate was dis- 
solved in H2O (12.5 ml) and treated with cone, ammonia (12.5 ml) under stirring for 3.5 h. The 
solution was stirred under aspirator vacuum for 2 h to remove the ammonia and lyophilised. The 
residue was dissolved in 0.1 M TEAB (10 ml, pH 7.8) and applied to a DE 52 Cellulose column 
(20 X 3 cm). The column was eluted with a linear gradient of 0,1 M TEAB (1 1) to 1.0 M (1 1). The 
fraction of the main zone were evaporated, co-evaporated with ethanol and lyophilised. 
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Table 1: Yield and ^^P NMR data of the 7-substituted-7-deaza-2*-deoxyadensine and guanosine 
5 '-Mono- and Triphosphates 



Compound 


Yield [%] 


^'PNMRppm (J [Hz]) 


Hex'c^Ad 5'-MP 


61 


3.99 


Hex'c^Ad 5'-TP 


10 


-21.30 (t, 19.97); -10.26 (d, 19.31); -6.28 (d, 20.66) 


NHzPen^c^Ad S'-MP'^ 


20 


4.09 


NHaPen'c^ 5'-TP 




-21.25 (t, 20.08); -10.30 (d, 19.88); -6.16 (d, 19.33) 


Hexc^Gd 5'-MP 


20 


3.65 


Hex^c'Gd 5'-TP 


87 


-21.34 (t, 19.23), -10.25 (d, 19.41), -6.40 (d, 20.51) 


NH2Pen'c^Gd 5'-MP" 


10 


4.11 


NHzPen'c^Gd 5'-TP 


20*' 


-21.00 (t, 19.24), -10.20 (d, 19.21), -5.65 (d, 19.28) 



a) trifluoroacetyl protected; b) after deprotection of the amino group 
Example 2: 

Synthesis and purification of template oUgonucleotides: 

The solid phase synthesis of oligonucleotides was carried out on a 1 p,mol scale on an automated 
DNA synthesiser (Applied Biosystems, ABI 392-08) using phosphoramidite chemistry. The phos- 
phoramidites of dG, dA, dC, and T and the CPG columns were purchased from PerSeptive Bio- 
systems GmbH (Germany). Aminolink II (Applied Biosystems, 100 mM solution in CH3CN)) 
was used for further 5'-labelling of the primer. All oligonucleotides were synthesised in a trityl- 
on synthesis followed by cleavage from the support and deprotection with ammonia (25 %, 
60°C, 18 h). 



The purification of template strands was performed using a OPC (Oligonucleotide Purification 
Cartridge) colunm (ABI Masterpiece, Applied Biosystems, Germany) following the purification 
protocol given there. The oligonucleotides were further purified by polyacrylamide gel electro- 
phoresis (PAGE) on a 15 % gel in the presence of 7 M urea and visualised by UV shadowing with 
PSC 6OF254+366 (Merck 5637 thin layer chromatography plates); the target length product bands 
were excised and eluted from the gel in 0.5 M ammonium acetate, 1 mM EDTA, 0.1% SDS). The 
resulting oUgonucleotides were concentrated and desalted using an OPC cartridge or ethanol 
precipitated and diluted in an appropriate volume of water. The latter step turned out to be of 
crucial importance, as shortened template oligonucleotides (due to coupling errors) could f5aJce 
synthesis stops, and thus preventing appropriate evaluation of data presented here. The purified 
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oligonudeotides were lyophilised on a Speed- Vac evaporator to yield colourless solids which 
were dissolved in lOO^il of H2O and stored frozen at -18**. 

Example 3: 

Labeling and purification of the primer: 

After deprotection of the oligonucleotide the anmionia was removed by evaporation and 
desalted by ethanol precipitation. 20 A260 units of the oligonucleotide were dissolved in 200 ^1 of 
100 mM sodium borate (pH 8.5) and treated with a freshly prepared solution of 350 mg DIG- 
NHS in 200 \xl ethanol. The reaction was kept in a shaker overnight at room temperature, con- 
centrated and the residual fluid dissolved in 1 ml H2O. After filtration through a 0.45 |im filter 
the solution was applied to reversed phase HPLC using the following gradient: 20 min 100% 0.1 
M EtgNHOAc (pH 7.0) (A), 20-50 min 0-40 % CH3CN in A. The unlabeled oligonucleotide 
elutes at a CHsCN-concentration of ca 20%, the DIG-labelled oligonucleotide at ca 30% CH3CN. 
The DIG-labelled primer is desalted and gel purified as described above. 

Example 4: 

Incorporation of the 7-substituted 7-deaza-2'-deoxyadenosine and -guanosine derivatives: 

In fig 2 the incorporation of 7-substituted 7-deaza-2*-deoxyadenosine and -guanosine deriva- 
tives and elongation with other derivatized nucleotides by Tgo exo" polymerase was analyzed. For 
this purpose template oligos NucT17, T16, T8 and T3 were used. This allowed to monitor the 
effective incorporation of the respective triphosphates in up to 18 adjacent positions and fiirther 
elongation with other modified deoxynuclesidetriphosphates. 

According to the base pairing rules the 2'-deoxyadenosine derivative (50 ^M) was incorporated 
into 15 adjacent positions using template NucT17 (lanes 7-8) and the 2'-deoxyguanosine deri- 
vative could be polymerized in up to 21 subsequent positions using NucT16 template (fig. 2, 
lanes 9-10). In lanes 15-34 the fiirther elongation of the 7-deaza-compounds with other deriva- 
tized deoxynuceoside-triphosphates was analyzed. Nuc T 8 was chosen to demonstrate the suc- 
cessfiil addition of HexVCa on a track consisting of three consecutive Hex^c^Aa and fiirther 
elongation with Rosamin-dCTP. Lanes 15, 18, 21 and 24 show the reaction products with 
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Hex^c^A<i being the exclusive deoxynucleotide-triphosphate present in the reaction mixture. De- 
pending on the polymerase amount and nucleotide concentration the polymerase adds the 
dNTP's as expected, but the products exceeded the template instructed length of three 
Hex^c^Ad's (by one and to a minor extent two polymerisation steps) indicating, that the poly- 
merase incorporates up to two mis-paired Hex^c^Aa opposite to C in the template, wich is a 
commonly observable phenomenon in a extremely biased nucleoside triphosphate pool. 

Lanes 16, 19, 22 and 25 show the disappearing of the expected and non expected bands of the 
previous reactions (see above) and accumulation of higher molecular weight material, when the 
reactions contained additional Hex^c^Ga- An estimation, counting the intermediate stops of lanes 
16 and 22 revealed, that according to the instruction of the template 9 incorporations were de- 
tectable. In reactions containing 50 |iM of the respective derivative (lanes 19 and 25) almost no 
stops were observed and a homogenous band is shown. 

Further addition of Rosamin-dCTP to Hex^c^Ad and Hex^c^Gd in reactions 17, 20, 23, 26 showed 
in all reactions again a further elongation of the final product of the previous reactions. In the 
case of lane 23 (lu polymerase) the expected three consecutive incorporations of Rosamin-dCTP 
could be detected. This means, that a DNA stretch has been consecutively built up, consisting of 
12 derivatized nucleotides. 

Lanes 27-34 show similar experiments, using template NucT3. Here five (as instructed by the 
template) and six (one additional polymerisation step, due to biased nucleotide pool) conse- 
cutive incorporations of Hex'^c'^Gd are observed. When Biotin-16-dUTP is added to the reaction 
mixture (lanes 28 and 30) the stops disappear and a high molecular weight product is formed, 
exceeding the molecular mass of that of reaction 23 (nine Hex^'c'^Ad, Hex'^c^Ad plus three Rosa- 
min-dC's), indicating, that also the terminal base has been inserted (indicated by arrows). Lanes 
31-34 show reactions with Biotin-16-dUTP replaced by derivatives with decreasing linker lengths 
(i.e. Fluorescein-12-dUTP, lanes 31,32 and AMCA-6-dUTP, lanes 33, 34). Here complete elon- 
gation can be deduced, no significant pausing or stop sites are detected. 

At higher polymerase concentrations more than 30 insertions (lane 14) were observed. This 
might be due to a looping back mechanism of the elongated primer strand and rehybridisation at 
elevated temperatures. A control reaction with Taq polymerase and natural dNTP's revealed 22 
insertions with NucT16 (lanes 4 and 5). Klenow fragment was able to synthesize up to 19 natural 
dNTP's under similar conditions with NucTi5, but at 37°C (data not shown). 
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With this experimental setup it could be shown, that DNA-strands consisting of Hex c Ad and 
HexVGd could be readily elongated with other derivatized dNTP's yielding fidl length products. 



Example 5: 

Incorporation of Rhodamme green-dUTP and Rhodamine green-X-dUTP by Tgo exo"- 
polymerase. 

In this experiment incorporation and elongation of two Rhodamin-green derivatives with 
natural deoxynucleosidetriphosphates were examined. The reaction was catalyzed by Tgo exo"- 
polymerase in the presence of 0,05% Triton X-100, which has been shown to enhance the incor- 
poration efficiency in a separate experiment (data not shown). The two nudeotide-conjugates 
differed in their spacer compound. Rhodamin green-dUTP (Rhodamin-green-5(6)-carboxyami- 
do-[5-(3-aminoallyl)-2'desoxy-uridin-5'-triphosphate] )has a 5 atom spacer group and Rhoda- 
min-X-dUTP (Rhodamin-green-5(6)-carboxyamido-s-aminocaproyl-[5-(3-aminoallyl)- 
2'desoxy-uridin-5'-triphosphate]) a 12-atom spacer group between the desoxynudeoside com- 
pound and the fluorophore molecule. 

Fig. 3 shows, that both compounds were effectively incorporated. The mass differences between 
these two are indicated by arrows between lanes 7, 11 and lanes 15, 19 respectivdy. It is shown, 
that with template NucT4 the polymerisation stops after 4 insertions (lanes 7, 1 1, 15, 19, 23, 27). 
Some minor false incorporations could be detected in position 5, where in the template sequence 
is a Thymidine residue (lanes 11, 19, 27). Beyond this misincorporation no further elongation is 
detectable. The major stop in position 4 can be overcome, when to the reaction mixture addi- 
tionaUy dATP and dGTP is added. A higher molecular product is formed with both derivatives 
(lanes 8, 12, 16, 20, 24 and 28). But with this template there is still an ambiguity, wether a full 
lenghth product is formed (12 insertions, 9 of them being the derivative). The data here would 
favour the interpretation, that the polymerase stopped in position 11 and that the last derivative 
is added only very poorly in position 12. No major differences could be detected, whether 0,1 or 
1 unit polymerase was used, or the reaction time was prolonged from 30 to 60 min. Only the 
amount of fiill-length-product increased, when longer incubation times and more polymerase 
were used. 

In the case of template NucTlS (18 subsequent insertions possible) the derivative with the short 
Unker arm was inserted in up to 15-16 neighbouring positions (compare lanes 25 and 26). Rho- 
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damine- green -X-dUTP on the other hand was polymerized in up to 18 positions, with major 
products of 13-17 insertions (lane 30), The stops below are detectable only after overexposition 
of the film, indicating, that this nucleotide is a very good substrate for the polymerase and does 
not lead to abortive DNA synthesis. It is also assumed, that the linker length might have some 
influence on the substrate acceptance by the polymerase. In this case, one would favour, that the 
longer linker compound results in a better acceptance as a substrate. This is not only documen- 
ted in the possibility of the polymerase to insert up to 18 nucleotides for Rhodaminegreen-X- 
dUTP instead of 16 for Rhodamine-green-dUTP, but also, when lanes 7, 15 and 22 are compared 
with lanes 11, 19 and 27, In the case of Rhodamine-green-X-dUTP no stops are detectable up to 
the insertion of the fourth nucleotide, whereas stops after the incorporation of 2 and 3 nucleoti- 
des are detectable with Rhodamine-green-dUTP. 

Example 6: 

Incorporation of different U-derivatives by different poymerases. 

In this example the ability of different types of polymerases was analyzed to incorporate different 
reporter group-tagged nucleotides. The polymerases used were two closely related B-type poly- 
merases of different Thermococcus species (3'-5' exo minus variants) and a genetically shortened 
form (Klenow- fragment, lacking 5'-3'-nuclease activity) of an A-type polymerase of Carboxydo- 
thermus hydrogenoformans. The experiments carried out here, used a template consisting of 18 
Adenine residues, starting from the 3 '-primer terminus, enabling the polymerase to incorporate 
18 of the variant nucleotides in neighbouring positions. Reactions were carried out with 5 \xM 
and 50 fiM modified nucleotides (final concentration) and 0,1 and 1 unit polymerase respec- 
tively. To the reaction buffer (50 mM Tris-HCL, pH = 8.5 at 20°C, 10 mM KCl, 15 mM 
(NH4)2S04> 7 mM MgS04 and 10 mM 2-Mercaptoethanol, used for each polymerase) 0,01% 
(vol/vol) Triton® X-100 was added to enhance incorporation. 

Figure 4 shows, that with the derivatives TM-Rhodamine-dUTP, Cy5-10-dUTP, Fluorescein- 12- 
dUTP and AMCA-6-dUTP at higher polymerase concentrations (1 unit/ reaction) longer pro- 
ducts were synthesized than with 0,1 unit/ reaction (lanes 7,8; 11,12; 14,16; 19,20; compared with 
lanes 9,10; 13,14; 17,18 and 21,22 respectively). In the reactions with Fluorescein- 12-dUTP, Bio- 
tin- 16-dUTP or Dig-ll-dUTP and Tgo exo'-polymerase also with lower polymerase concentra- 
tions (0,1 unit/ reaction) full length products were detectable (lanes 28 and 31). 
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In the case of AMCA-6-dUTP (lanes 19-22) and Dig-U-dUTP (lanes 31-34) the amount of 
virtually incorporated nucleotides could not be determined exactly. This is due to the lack of 
stops during synthesis under otherwise suboptimal reaction conditions (5 jiM modified dNTP; 
0,1 unit polymerase). This indicates a high substrate activity of these compounds and a superiour 
incorporation performance compared with other derivatives (e.g. Cy5-10-dUTP). 

The migration distances between the non elongated primer and the different products formed, 
vary substantiaUy between the respective derivatives and the controls with natural dNTP's (e.g. 
lanes 4, 5) This represents to a large extent the different molar masses of the derivatives (note, 
that AMCA-dUTP is a comparatively smafl molecule (mw.: 748,1 Da) compared with Dig-11- 
dUTP (mw.: 1090,7 Da), explaining the higher mobiUty of full-length products in denaturing gel 
electrophoresis). TM-Rhodamine-dUTP and Cy5-10-dUTP were inserted into 14 and 13 posi- 
tions respectively by Vent exo -polymerase, with major amounts of products between 10 and 13 
incorporations for TM-Rhodamine (lanes 9, 10) and 11 and 12 incorporations for Cy5-10-dUTP 
(lane 14). Suboptimal reaction parameters (5jiM dNTP, 0.1 unit Polymerase) were chosen to 
faciliate the interpretation of the banding pattern of reaction intermediates (calibration), in or- 
der to document, whether full length synthesis has occurred (see lane 27). Biotin-16-dUTP was 
incorporated into all possible positions by Tgo exo'-polymerase. Lane 27 shows synthesis stops at 
low polymerase and nucleotide concentrations from position 1-10 (11, hardly visible on original 
film), allowing the proper determination of 18 incorporated nucleotides in lane 30. The observed 
band spUtting of each incorporation step is probable due to the existence of stereoisomers 
occuring in Biotin-16-dUTP preparation (Muehlegger, pers. communication). 

In this example it was verified, that both. A- and B-type polymerases, are able to synthesize long 
stretches of derivatized nucleotides in adjacent positions, using high magnesium concentrations 
(7 mM) and detergent (0,01% vol/vol) Triton®-X-100. All products are shifted to higher mole- 
cular weights, compared with the products formed in the control reactions (lanes 1-6) with regu- 
lar nucleotide-triphosphates, due to the higher molecular masses of the incorporated com- 
pounds. In this system, AMCA-. Biotin- and Dig-dUTP showed the best incorporation rates, 
followed by Huoresceine-dUTP. If one compares the incorporation of the latter substance 
between the A-type (Cfey-Klenow) and the B-type-polymerase {Tgo exo ), one can attribute a 
better incorporation performance to the engineered B-type polymerase (more insertions, less 
stops; see lanes 15-18 and 23-26). B-type polymerases (especially, when 3'-5' exonuclease func- 
tion has been deleted) should be considered as the enzymes of choice in performing labeling 
reactions with derivatized dNTP's exclusively. 3'-5' exonuclease activity should be regarded as 
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detrimental to labeling efficiency, due to degradation of primer and/ or template DNA. So dele- 
tion of 3'-5' exonuclease activity has to be regarded convenient, as wild type forms of these poly- 
merases exhibit up to five times more 3'-5' exonuclease activity per unit DNA polymerase activi- 
ty [1]- 

Example 7: 

Incorporation of Cy-S-dUTP with different linker-arm lengths by A-type polymerases. 

In this study the influence of the linker arm length on the incorporation by different polymerases 
(see also example 5) was investigated. As already pointed out in example 2, there might be some 
influence of the distance between nucleoside-compound and fluorophore/ detectable group on 
the enzymatic polymerisation of such a compound. For this study we used Unker-arm lengths of 
the Cy-5-dUTP-derivatives of 17, 24 and 38 atoms. 

Enzymatic reactions were carried out with templates NucT4 and T15 respectively (Figure 5). 
Polymerases used were Taq and Cfty-Klenow polymerases at concentrations of 0,1 units per 
reaction. The derivative concentrations were 5 and 50 |iM, and in reactions with 50 ^iM addi- 
tionally 12,5 |LiM dATP and dGTP were added in an extra reaction tube, to monitor further 
elongation with natural dNTP's (lanes 8, 1 1, 14, 23, 26 and 29). 

In this example, incorporation efficiency proves to depend on the linker length. Taq polymerase 
incorporates the 17-atom-spacer compound only two times, with a synthesis stop after only one 
incorporation on both templates (lanes 7-9 and 15, 16). No further reaction products were de- 
tected. Chy-Klenow-polymerase showed a maximum insertion of three (trace amounts of four 
insertions, lane 31) derivatives, but also with a serious stop after two incorporations, whereas the 
stop after only one insertion is drastically decreased (compare lanes 6, 7, 15 and 16 with lanes 21, 
22, 30 and 31). 

The intermediate length spacer compound (24 atoms) was polymerized into three positions by 
Tog-polymerase and into four positions with C/iy-Klenow-polyme rase (template NucT4, com- 
pare lanes 9-11 with lanes 24-26). The occurrence of additional bands in lane 11 may come from 
false incorporations of natural dNTP's present in the reaction mix. But these intermediate bands 
are lacking in lane 26 when Cfty-polymerase is used. Here (lane 26) a further elongation after the 
template instructed polymerisation of four derivatized nucleotides is observed (decrease of stop- 
band after four incorporations, but a fuU length product could not be detected. Most probably 
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synthesis stopped after position 10 (main product) and a minor product of one (additional) false 
incorporation in position 11 is detectable. With template NucTlS also additional polymerisation 
events for Toq-polymerase (five) and C/iy-Klenow-polymerase (nine) are detectable (see lanes 
17, 18 and 32, 33 respectively). The nature of intermediate bands occurring in lane 18 is not un- 
derstood, because they are lacking in lanes 32 and 33, so that a contamination of uncoupled 
dUTP*s (bearing only the spacer attached to the deoxynucleoside mojety, but not the dye) seems 
to be unlikely. So the intermediate length spacer compound is incorporated into more neigh- 
bouring positions, than the short, 17-atom-compound, but still trends to lead to synthesis-stops 
after 2 or more insertions. 

The 38 atom spacer compound however, differs from the other two (17 and 24 atom distance) 
substances in its abiUty to be incorporated. First, with template NucT4 by far less synthesis stops 
are detectable during incorporations 1-4 with both polymerases used (see lanes 12- 14 and 27, 
29; in lane 28 obviously addition of polymerase was omitted, as no elongation at all could be 
detected). The natural stops at position 4 however, could be overcome by addition of dATP and 
dGTP. In lane 14 (Tag-polymerase) the dissappearance of the stop in position 4 is seen, followed 
by the incorporation of the natural dATP and dGTP, followed by further incorporation of two 
modified nucleotides, with a main product ending at position 7 of the template and a minor pro- 
duct, ending at position 8. Lane 29 demonstrates, that also C/iy-polymerase was able to elongate 
the four incorporated Cy-5-dUMP's, but far less effective, than it was catalyzed by Taq-poly- 
merase. On the other hand, the product length is higher with Cfzy-polymerase (a total of 10 out 
of 12 incorporations is documented). 

With template NucTlS Tog-polymerase was able to synthesize stretches of 7 (lanel9) and 6 (lane 
20) Cy-5-Uracil-derivatives, with major products of 5 and 6 incorporations. Taq-Polymerase 
produced a lot of synthesis-stops, that were not present in the respective reactions with Chy- 
polymerase (lanes 34 and 35). This enzyme, additionally, was able to polymerize 8 incorpora- 
tions, with major products between 5 and 7 Cy-5-dU's in line, without any detectable stops be- 
low 4 msertions. So one can conclude, that the spacer arm length is a critical value for efficient 
incorporation. In this case a trend towards longer spacer compounds (24- and 38-atoms) resul- 
ted in more effective insertions and less synthesis stops during polymerisation. But there also are 
some differences between the polymerases used. In this example a truncated form of an A-type 
polymerase (Chy-Klenow- fragment), showed a better incorporation performance, than did Taq 
wild type polymerase. 
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Example 8: 

Incorporation of Cy-dUTP and MR121-dUTP with different linker-arm lengths by a B-type 
polymerase. 

In this example the incorporation of the three Cy5-dUTP of example 4 and additionally three 
MR12I-dUTP derivatives with 8, 13 and 24 -atoms spacer-arms by T^o exo'-polymerase (B-type, 
0,1 unit per reaction) was examined. The templates used to examine polymerisation were again 
NucT4 and T15 (Figure 6). 

i 

Using template NucT4, without addition of dATP and dGTP the polymerisation stopped for all 
three Cy~5-variants after the template-instructed four incorporations (lanes 6, 7, 9, 10, 12, 13). A 
comparison of these lanes also indicates, that the four incorporations of, e.g. the smallest ( 17- 
atom-spacer) compound migrated in a gel-position of about 13 regular nucleotide incorpora- 
tions (lane 3 of the control). The Cy-5-compounds with longer spacers were shifted relative to 
this band, due to their higher molar masses. Another remarkable feature is, that here, as it was 
the case in example 4, the short spacer arms led to stops during synthesis after 1, 2 and 3 incor- 
porations. The 24-atom spacer produced a significantly different pattern. Here (lane 9), only at 
low triphosphate concentrations (5 |iM), a single stop at position 3 is detectable. The 38-spacer 
derivative on the other hand was incorporated without any significant stop (lanes 12-14). All 
primers were further elongable firom this fourth position by adding the required natural dATP 
and dGTP, giving rise to the fiiU length products in the case of the 17- and 24-atom compounds. | 
The 38-atom spacer compound could however only be incorporated, together with the other two 
nucleotides until the tenth polymerisation step. 

The use of template NucTlS revealed a similar trend concerning the incorporation, as seen with 
NucT4. The short linker compound was introduced up to 10 times into nascent DNA, with 
major stops seen after 2, 3, 4 incorporations, and a continuum of synthesis breaks up to 10 in- 
corporations (lanes 24, 25). The intermediate linker compound, (lanes 26, 27) showed one clear 
stop after three incorporations at low (suboptimal) derivative concentrations (5 |iM, lane 26), 
which could be overcome with higher triphosphate concentrations (lane 27). With this com- 
poimd also 10 neighbouring polymerisation steps were detectable, which is roughly the amount 
of one helix- turn of B-DNA. 
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A significant better incorporation was achieved with the 38 -atom spacer nucleotide. This deri- 
vative was introduced in 11 of 18 possible positions (lanes 28, 29), but the stops during synthesis 
occurred to a far lesser extent. Almost no stops were detectable at high concentrations (50 jiM) 
below 7 incorporations (lane 29), The main products of this reaction range between 8 and 10 
incorporations. 

A similar trend, concerning the incorporation of the three MR121-dUTP deoxynucleosidetri- 
phosphates is seen in lanes 15-23 and 30-35. Here the short linker arms (8 atoms) led to synthesis 
stops after 2, 3 and 4 incorporations (lanesl5-20) with template NucT4, and at low concentra- 
tions (5 pM) also with template NucT15 (lane 30). The two nucleotides with the longer spacer 
molecules (13 and 24 atoms) showed no stop bands, but also no homogenous products, only 
diffuse high molecular smear in gels (lanes 20-23). Discrete stop synthesis bands are not visible. 
The primer on the other hand, is almost completely consumed (compare with control lanes 1, 2, 
4 and 5), which indicates, that it has been elongated by the DNA polymerase used in combina- 
tion with the respective derivatized nudeotide. An explanation for this fact is probably, that tOhe 
newly incorporated dye-tagged nucleotides changed the physico-chemical properties of the DNA 
in that way, that the resulting molecules could not be analyzed with conventional DNA analytic 
methods. 

In figure 6a a part of the blot of figure 6 (lanes 6-23) was analyzed with the Storm imager (Mole- 
cular Dynamics). It is shown, that in principal the same banding pattern in comparision with fig. 
6 could be detected. But here only products beginning with at least one incorporated dye mole- 
cule are detectable (lanes 1-9). As expected, the non elongated Dig-labeled primer produces no 
signal. The MR121-tagged deoxynucleotides gave only a poor fluorescence signal, which fits to- 
gether with the non optimal excitation and emission parameters of MR121 in this detection 
system. But similar, as in the chemiluminescence detection system, also here no discrete product 
bands could be analyzed for spacerlengths of more than 8 atoms (compare lanes 12, 13 with lanes 
15-18). 

In this example it is demonstrated, that a B-type polymerase with a mutated 3'-5'-exonuclease 
fiinction incorporated the Cy-5-dUTP compounds better than the tested A-type polymerases of 
example 4. The trend of a better incorporation, the longer the spacer molecules are, is verified for 
A and also B-type enzymes respectively. The very hydrophobic fluorescent dye MR 121 altered 
the properties of the DNA after incorporation, that these molecules could not be analyzed with 
this experimental setup. 
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Example 9: 



Synthesis of a DNA with all four natural occurring dNTP's replaced by derivatized compoimds. 

This experiment was carried out with templates cass 1, cass 5 and cass 10 (Figure 7). The poly- 
merases used were Tgo exo" and Vent exo" (0,1, 0,5 and lu respectively). Natural dNTP's were 
completely replaced by their derivatized analogues except in control reactions (lanes 1-6). Pro- 
ducts with full reaction mixes and templates cass 1, cass 5 and cass 10 are shown in lane 3, 4 and 
5, corresponding to 4+1, 20+1 and 40+1 nucleotide incorporations. The terminal addition of 
one "extra" nucleotide is a commonly known feature of Taq polymerase [2]. 

In lanes 7-10 the reaction products with cass 1 and Vent exo" polymerase are shown. Reaction 7 
(lane 7) contained Hex^c^Ga being the exclusive nucleotide triphosphate present in the assay. 
Here the primer was elongated exactly by one nucleotide, corresponding to the base pairing rules 
(see fig. lb: sequences of Cass 1-10 in materials and methods), no false incorporation was detec- 
table. Reaction 8 (lane 8) contained additionally Rosamin-dCTP (and no other nucleotides). It 
can be seen, that the stop after the incorporation was overcome, and another (shifted) band 
appeared in the range of 5-6 incorporated natural dNTP's. This means, the terminal Hex^c^Ga- 
residue from reaction 7 has been ftirther elongated by Rosamin-dCTP. In lane 9 the reaction 
mixture contained additionally to reaction 8 Hex^c^Ad- Again the stop of reaction 8 vanished and 
was elongated by the newly added compound (note the small migration distance to the product 
of reaction 8, which is in good agree with the comparatively minor modification of the 7-deaza- 
dATP). But here instead of a clearly defined single band a total of three bands is visible, which 
indicates false incorporations, most probably opposite to the Adenine-residue, the last base in 
the template sequence. In reaction 10 additionally to the other three nucleotides of reaction 9, 
Biotin-16-dUTP was added. Here the proper nucleotide was inserted opposite to A in the tem- 
plate sequence. Band splitting was also here detectable, as a consequence of stereoisomer occur- 
rence as mentioned before (Miihlegger, pers. communication) The misincorporations were de- 
tectable only to a small extent. 



In lanes 11-14 the same reactions, as in lanes 7-10 are documented, now catalyzed by Tgo exo" 
polymerase. A remarkable feature of this enzyme is the fidelity, because the misincorporations of 
Vent exo" (lane 9) did not occur with this polymerase (see lane 13). Here only one discrete band 
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is visible after adding Hex^c^Aa to the reaction mixture. From this position Biotin-16-dUTP was 
attached to give raise to the final product. 

In lanes 15-22 the same experiments as in lanes 7-14, but with template cass 5 are shown. Here 
similar reaction product patterns are obtained, when the two polymerases are compared (lanes 
15-18: Venfexo' polymerase; lanes 19-22: Tgo exo" polymerase). But the products of the com- 
plete reaction mixes (lanes 18 and 22) could not be analyzed properly concerning their length. 
This was also not possible, when higher concentrations of nucleotides (50 jiM) and 0,5 units 
instead of 0,1 units of polymerase were used (lanes 23-26). Here the tendency of false incorpora- 
tions was enhanced, compared with the reactions with low nucleotide and polymerase concen- 
trations (compare lanes 16, 17 with lanes 24, 25). Especially in lane 25 and also with cass 10, 
(lane 29) a large amount of different intermediate products can be determined (compare with 
lane 13) when an incomplete nucleotide mix is used. But all of these misincorporations are ob- 
viously not formed, when the complete dNTP mix is used (see lanes 22, 26, 30), because the 
abortive synthesis products are missing here. 

When cass 10 serves as template, longer reaction products are synthesized, than with cass 5, but a 
defined product is not produced (lanes 30, 32). There are several intermediate products detec- 
table. No information is obtained, whether the target sequence has been reached. A tendency is 
observable, that Tgo exo" polymerase produces less stops and longer products (compare lane 30 
with lane 32). If Rosamin-dCTP is replaced by regular dCTP (lanes 34-36), a putative final pro- 
duct is polymerized (lane 36). Here the stops occur to a much lesser extent than in reactions 30 
and 32. As the final product of reaction 36 migrates in a higher molecular weight position, than 
do the longest products of reactions 30 and 32, although the derivatized Rosamin-dGTP was re- 
placed by the regular dGTP, which has a lower molecular weight, it is very likely, that in reactions 
30 and 32 full length synthesis failed, whereas it is obvious, that in reaction 36 target sequence is 
reached. 

In this example only with cass 1 the fiill replacement of all four nucleotides by derivatives is 
documented (lanes 7-14). 

The bands migrating in the range of 18 incorporated natural nucleotides (lanes 15-26, when cass 
5 is used) and in the range of 38-39 natural nucleotides, when cass 10 is used (lanes27-30 and 32- 
36) correspond to not completely denatured template primer heteroduplexes, which can be de- 
tected also in some other control experiments (data not shown). 
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Example 10: 

Complete replacement of natural dNTP's by derivatized Nucleotide-triphosphates and poly- 
merisation of a 40 base pair target sequence. 

With the templates used in example 6, it was not possible to determine the product length of re- 
actions with cass 5 and 10 precisely, due to synthesis stops and irregular migration during elec- 
trophoresis. In this example (Figure 8) we used the complete set of templates cass 1- 10, in order 
to determine the actual number of polymerisation events catalyzed by the DNA polymerase. Cas- 
settes 1-10 consist of 10 oligonucleotides, made of building blocks, which differ in their length 
from each other by 4 nucleotides. In these building blocks each base is represented once. The 
nucleotides used here are: HexVCd, Digoxigenin-dCTP, Aminopentinyl-7-deaza-dATP and 
Biotin-16-dUTP. Rosamin-dCTP was replaced in this assay by Dig-dCTP, because the latter did 
not interfere with the electrophoretic mobility of the resulting polymerisation products (data not 
shown). The polymerase used was Tgo exo" polymerase (0.1 unit per reaction). 

Reaction products with cass 1 could be visuaUzed only after overexposure and are marked v^rith 
asterisks in fig. 8. Control reactions with cass 10 as template and natural dNTP's (40 incor- 
porations possible) are shown in lanes 1-4. 

It is shown, that with the increase of template-length used (cass 1-10), also the length of poly- 
merisation products increased. The number of synthesis stops is comparatively low, when com- 
pared with the results of example 6. If the In of the maximal number of nucleotides incorporated 
(4, 8, 12...) is plotted against the increment of altered electrophoretic mobility (distance from 
primer to product) from cassette to cassette, one can see a linear correlation (fig. 8a). This is 
strongly indicative, that ftdl length products have been synthesized with all cassette-templates. 
Here a DNA-sequence has been built up enzymatically (maximal incorporated Nucleotides: 40, 
each base 10 times), consisting of four derivatized nucleotides, whereby the purines are replaced 
by their 7-deaza-analogues, and the pyrimidines being the regular nucleobases attached to a re- 
porter group. 
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Example 11: 



Incorporation of modified nucleotides by polymerase chain reaction (PGR). 

As a second experimental method for measuring effective modified dNTP incorporation, PGR 
was chosen. In PGR, unlike at the primer extension reactions, the labelled nucleotides after a few 
rounds of amphfication are also present in the template strand, so that in the end both strands 
consist of derivatized compounds, with the exception of the unlabeled primer moieties at each 5' 
end of duplex DNA. In the reaction mixtures the respective natural nucleotides were completely 
replaced by their labelled counterparts. Amplification parameters were: 

Ix 95°C 2 min 

35x gS^'C 30 sec; 60^G 30 sec, 72**G 60 sec. 

Template concentration was 0,5-0,7 finol Unearized plasmid containing the tPA-gene per re- 
action; Primer (tPa Exon9 5'-TGG.TGG.CACGTG.CTGj\AGj\A.3' and tPA Exon 12 5'- 
AGC.CGG.AGA.GGT.CAC.ACT.C-3\ giving rise to a 517 bp DNA fragment and tPA Exon 10 5*- 
AGA.CAG.TAC.AGC.CAG.CCT.CA-3' and tPA Exon 11 5'- 

GAC.TTG.AAA.TTT.CTG.CTC,CTC-3', giving rise to a 264 bp DNA product) were 20 pmoles 
each. 

Polymerase amotmt was 2.6 units per reaction and nucleotide concentration was 200|iM each 
dNTP. After the cycling procedure the probes were analyzed on 2% Agarose gels. A parameter 
for good acceptance of a given derivative was the building of a product band. 

In general these products were shifted in the molecular mass due to the higher molecular weight 
of the monomeric building blocks. The shift towards higher molmasses was strictly dependent 
on the compound used. In the example shown in Fig. 9, the biotinyiated 264bp product migrated 
with an apparent molecular weight/ mass of about 520bp- This ft-agment was isolated from the 
gel (lane D), the DNA recovered and used as template in a new round of amplification with 
natural dNTP's, giving rise to the original 264bp product (reversion). When the DNA template 
of lane D was dilutet sequentially by a factor of 10 for each dilution step (lanes E-J) a decrease in 
product yield was seen (template titration). As the template was recovered from a gel position 
around 500 bp, it is very unlikely, that residual plasmid DNA of the linearisized plasminogen 
activator-gene containing plasmid served as template here. The reverted product was then puri- 



iintC; 



07-05-1999 




32 

fied and sequenced. The determination of the sequence revealed no alteration in sequence, com- 
pared with the original Plasmid. 



Table 2 shows, that several polymerases were able to synthesize products with different deri- 
vatized deoxynucleotides. 













Productlength (bp): 
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AMCA-dUTP 
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Cy5-dUTP 
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Fluorescein-dUTP 
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Rhodamin-green-dUTP 


nd. 


nd. 


nd. 


nd. 






TAMRA-dUTP 


nd. 


nd. 










7-Aminopentinyl-7-deaza- 
dATP + Biotin-dUTP 




+ 










7-Aminopentinyl-7-deaza- 
dATP + DIG-dUTP 














Hex'c'Ad+ Biotin-dUTP 














Hex^c'Aa+Hex'c'Gd' 















Table 2: PGR in wich the respective natural dNTP^s were completely replaced by their 
derivativatisized counterparts. 

^) Hex^c^Gd quenches ethidiumbromide-fuorescence. The products could be visualized only after 
silver staining. 



It should be noted, that in the case of Aminopentinyl-7-deaza-dATP by several polymerases only 
in combination with other derivatives a product has been formed. When the dTTP was also re- 
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placed by (the A-T-base-pair being completely replaced). Dig- or Biotin-16-dUTP, then a pro- 
duct was formed. This product has now introduced an aminofunctionalyzed base, ■v>Hhdch makes 
it an ideal substrate for "post labeling" with either fluorescent dyes or other detectable groups. 
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Claims: 



1. A method for enzymatic nucleic acid labeling which uses a DNA polymerase, a nucleic acid 
template, a primer and modified nucleoside triphosphates which can be incorporated by 
the polymerase into the newly synthesized DNA whereas at least two natural deoxynucleo- 
side triphosphates are replaced entirely by the corresponding modified deoxynucleoside 
triphosphates or derivatives thereof such that in the nucleic acid generated, two of the four 
bases carry modifications and full target length is achieved. 



2. The method of claim 1 in whereas the modified nucleotides incorporated into the newly 
synthesized nucleic acid are detectable by nonradioactive methods. 

3. The method of claims 1-2 in which enzymatic nucleic acid labeling is performed in a reac- 
tion in which three natural deoxynucleoside triphosphates are replaced entirely by the cor- 
responding modified deoxynucleoside triphosphates or derivatives thereof such that in the 
synthesized nucleic acid three of the four bases carry modifications and full target length is 
achieved. 



4. The method of claims 1-2 in which enzymatic nucleic acid labeling is performed in a reac- 
tion in which four natural deoxynucleoside triphosphates are replaced entirely by the cor- 
responding modified deoxynucleoside triphosphates or derivatives thereof such that in the 
synthesized nucleic acid consists entirely of modified bases and full target length is 
achieved. 

5. A method of claim 1-4 in which all four bases carry different labels. 

6 A method of claim 1-5 in which the labeUng of one nucleic acid strand is performed with 
one primer used. 



7. A method of claim 1-6 in which the labeling of double stranded nucleic acid is performed 
in an amplification reaction with two or more or degenerate or Inosine containing primers 
used 



8. A method of claim 1-7 in which the enzyme used is a DNA polymerase. 
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9. A method of claim 1-8 in which the enzymes used are a reverse transcriptase and a DNA 
polymerase. 

10. A method of claim 1-9 which is used for DNA synthesis and simultaneous DNA labeling by 
PGR. 

11. A method of claim 1-10 which is used for DNA sequencing. 

12. A method of claim 1-10 which is used for highly sensitive detection or quantification of 
one or several specific nucleic acid sequences. 

13. A method of claim 1-10 which is used for detection of specific nucleic acid sequences in 
situ. 
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Abstract 

Subject of Ae inventions are m«hods tor «^tic DNA labeling. Nudeotides modified «> 
carry functional or detectable groups are incorporated into newly synthesized DNAbyDNA 
polymerases. DNA is synthesi^d from modified nuleoside triphosphates by DNA polymerases 
such that the newly sy„.hesi«d DNA consists exdusivdy of modified nudeotides or contams 
modified nucleotides in high density. 

There are provided modified nucleoside triphosphates which are incorporated by DNA poly- 
merases and a group of DNA polymerases which incorporate these nucleoside triphosphates xn 

high density. 
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